From the analysis of three medium-scale depressions which formed over the East China Sea during the AMTEX '75, the following characteristic features were drawn: (1) The medium-scale depression was a shallow disturbance with a warm core below 700mb.
Introduction
Three medium-scale depressions over the East China Sea during AMTEX '75 are discussed in the present paper. As to the definition or nomenclature of small-scale cyclone, there are certain variations. The criteria used in the selection of the three examples was as follows:
(1) A low pressure system characterlized on a conventional weather map by at least a closed isobar is selected.
(2) The size of a system is between 500km and 1,000km. (3) A system has a life time of one day or longer. (4) The vertical extent of a system is more than 1km. A detailed introductory review on the studies of medium-scale disturbance has been given by Yoshizumi (1976) . The present author would add a short comment.
Many Japanese studies of medium-scale disturbance forcused attention on convective activity or precipitation associated with the disturbance.
Although such weather phenomena are important factors for revealing the character of medium-scale depression, the present KG=Kagoshima, RF= Ryofu *, NZ=Naze, KF=Keifu*, NH= Naha, MD=Minamidaitojima, IG= Ishigakijima, MK=Miyakojima, NJ= Nozima* (* stationary weather ship).
paper will be particularly concerned with the structure of medium-scale pressure field and its time-variations. This kind of approach was adopted by T. Nitta and Yamamoto (1974) and Nitta, Ts., Nambu and Yoshizaki (1973) . The both papers discussed the depressions over the East China Sea where the frequency of cyclogenesis is pronounced in the winter season. AMTEX* special observation was carried out on this particular area during the months of February in 1974 and 1975 . The purpose of this paper is to present the structure of the three depressions and to explore factors for the formation of such a disturbance. The two depressions had no significant development and the other one was involved in the development of large-scale disturbance. Therefore a comparative analysis between the developed depression and the non-developed depression was able to be presented. Fig. 1 shows the geographical chart of the East China Sea and the domain of analysis.
Synoptic situations
On 27 February, 1975, a medium-scale depression formed in the cold frontal trough approaching the East China Sea (see chart in Fig. 2 ). This low had no significant development and decayed out off Shikoku island after two days. This low is referred to as ML1 in the following discussion. The chart in Fig. 4 is for the night of 2 March and a medium-scale depression seemed to generate over the AMTEX area. By careful analysis, however, we can trace back its origin over the China continent. We should say the sea-level closed isobar was recognized for the first time over the AMTEX area. The low moved eastwards and gradually decayed. This system will be referred to as ML3. The conventional weather charts for another medium-scale depression are shown in Fig. 3 . A wave depression formed to the north east of Taiwan on the night of 13th February. This wave rapidly developed in the next morning (see second chart in Fig. 3) . It is doubtful, however, to conclude that the Taiwan low became the developed cyclone. This will be discussed in a later section. The last example will be called ML2 in this text. The 12-hr changes in central pressures of the three depressions are shown in Fig. 5 . The ordinate of the graph is the amount of 12-hr change in the height of isobaric surface at the center of system. The development of the depressions ML1 and ML3 was the order of 10 m/ 12-hr at 1000 mb. On the contrary we found no significant change in , 1975 (above) and for 09JST 14 February, 1975 (bottom as the development in other situations, e.g., medium-scale disturbances in Baiu front (Yoshizumi 1976) and polar lows over the eastern North Atlantic (Mansfield 1974) .
3, Structure of ML1
A time-height section at Naha during the passage of the low ML1 showed warm air and low static stability in the lower layer around 15JST 27 February (Fig. 6 ). The winds in the section represent winds relative to the moving velocity of system. Therefore the minimum wind level around the 700mb level was a steering level. Above the steering level, the steady westeries and high static stability persisted. The horizontal configuration of ML1 is shown in Figs. 7(a) and 7(b). The heights and air-temperatures in Fig. 7 represent anormaly values from the areal averages over the AMTEX area. The air temperatures in the low pressure area at lower levels were apparently warmer. At the higher levels, the height contours changed into zonal, and the amplitude of temperature wave also became small. The system ML1 was a shallow warm type disturbance below 700mb. The air-temperatures and heights in Figs. 6 and 7 were corrected for diurnal variations by using the AMTEX special observation data in the two years. Fig. 11 ). At 12GMT on the 13th two medium-scale low-pressures were locatedone on the lower Yangtze valley and another near Taiwan (see lower chart in Fig. 11 ). The system near Taiwan was warm and confined to below 850mb, and the other was deep, and air temperatures in the lower half part were colder (see lower cross-section in Fig. 11 ).
In the conventional weather chart for 15GMT 13 February, the Taiwan low was analyzed, and another low-pressure area was located on the lower Yangtze valley. Low cloud coverage and precipitation extended from the Yangtze valley to the East China Sea. The DMSP IR picture at 1631GMT 13 February revealed the wide extension of low-temperature cloud shield from the Yangtze valley to the AMTEX area and hightemperature cloud coverage over Taiwan and the adjacent seas. The two different cloud systems support our analysis shown in the cross-section in Fig. 11 . The chart for 00GMT 14 February shows the medium-scale disturbances in the developing cyclone. The cross-section clearly shows the complex; it consists of a warm type trough and a cold type trough (Fig. 12) .
5. Barometric tendencies in synoptic-scale and meso-scale fields
In the previous sections we examined the barometric and thermal structures of medium-scale depressions. ML1 and ML3 intensified as shown in Fig. 5 . Their sizes, however, had no significant changes. On the other hand, ML2 seemed to develop into a severe cyclone. Is the severe cyclone on 14 February a result of self-development of the Taiwan wave low or a manifestation of developing of synoptic-scale pressure system?
The sequence of medium-scale pressure fields showed that ML2 and ML3 were intensified particularly in the lowest level after their movement to the East China Sea from the China continent. Is this initiation of intensification connected with the change in synoptic-scale field? To make a synoptic investigation into these problems, barometric tendencies in medium-scale and synoptic-scale fields were analyzed. Vertical distributions of the pressure tendencies will be helpful to considering mutual relations between the pressure changes at higher levels and the sealevel pressure change. Although an individual change of each pressure system is not represented by the barometric tendency field which is a pattern of local height change during 12-hr period, yet the evolution of system may be approximately followed by the sequence of pressure tendencies.
(a) ML3 Fig. 13 shows the chart of the 12-hr height tendencies of four isobaric surfaces during the period from 00GMT to 12GMT on 2 March. At the 1000mb surface, the negative area associated with ML3 was inbedded in a synoptic-scale pressure falling area. The pressure falling areas in the Fig. 13 12-hr height tendencies during 00GMT to 12GMT 2 March. Full lines denote the tendencies in synoptic-scale field and dashed lines denote the ones in medium-scale field (in units of meters/ 12 hr). (Fig. 14) . This disturbance was enclosed in a wide and intense synoptic-scale pressure falling area. The latter extended to 500mb with westward tilting. This pressure fall suggests approach of a large-scale developing trough.
Another noteworthy feature was the rapid decrease of the medium-scale negative area over Taiwan with height; the wave cyclone was a shallow and warm type disturbance. On the contrary, the medium-scale pressure falling area over the lower Yangtze extended to 700mb.
The differences in structure and cloud system between the two disturbances were mentioned in Section 4. The next 12-hr height tendencies showed the intense development of the synoptic-scale deep trough (Fig. 15) . This large and extensive pressure fall was a great difference from the case of ML3. The intensification of ML2 was attributed to the development of large-scale pressure disturbance rather than the self-development of the Taiwan low. The medium-scale depressions near Taiwan and over the lower Yangtze were involved into the evolution of a large-scale pressure system.
Baroclinicity
The thermal field of ML1 showed a typical frontal wave-pattern as presented in Fig. 7 . ML2 at the initial state (i.e., the Taiwan low) and ML3 were shallow warm core disturbances.
The latter two depressions also formed not in a warmer airmass but in a frontal zone as shown in the following. Fig. 16 shows horizontal gradients of synoptic-scale temperature fields in the lower layers. On 2 March, the concentration of baroclinicity decayed with height. On the other hand, the frontal zone on 13 February was distinct up to 700mb.
Since the synoptic-scale frontal zones were found at the map-times previous to the formation of the medium-scale depressions, it is clear that ML2 and ML3 formed in a synoptic-scale frontal zone. Results of static stability analysis showed that low static stability area was confined to the lower layer below 700mb in the cases of ML3 and ML1, whereas in the central part of ML2 at developing stage, the region of low static stability extended from the surface up to 500mb.
Characteristic features of the medium-scale depressions over the East China Sea
From the results of analysis presented in the foregoing sections, the common features of the medium-scale depressions may be summarized into the following four points:
(1) The medium-scale depression was a shallow disturbance with a warm core below 700mb. (2) The depression was generally thought to generate over the East China Sea. The sea-level cyclogenesis, however, commenced when a pre-existing cyclonic vortex at low level (around 850mb) moved over the sea. In other words the lowest part of a shallow cyclonic system was intensified over the sea. In the continent, sometimes, the system was masked by the synoptic-scale pressure gradient. (3) The intensification of the system was largest in the lowest layer, and the deepening rapidly decreased with height. The influence of large-scale vorticity advection was hardly found at the incipient stage of the system. (4) The medium-scale depression formed in the large-scale frontal zone. The frontal baroclinicity, was confined to the lower layer.
Analysis of depressions from the viewpoint of heat balance
The characteristic features of medium-scale depressions mentioned in Section 7 suggest that warming in the lowest layer is a primary factor for the formation of the sea-level low pressure.
Then the heat budgets in the three thickness layers between the 1000mb and 500mb levels were evaluated. An equation used for the evaluation was the equation of thickness tendency, and the computation was done by using a grid system.
The spacing of the grid point is 2*-latitude in the south-north and 2*-longitude in the west-east, and vertical levels are the 500, 700, 850 and 1000 mb levels.
The equation may be written as
Here *h is the thickness tendency for timeinterval *t= (=12 hours), * **ht the horizontal advection of thickness at time t, S the static stability, * the vertical p-velocity, *p the pressure increment for the thickness, h, and g= 9.8m/ sec2. The term AH is the apparent heat source or sink. AH is interpreted into a sum of non adiabatic processes and divergence of subgrid-scale heat flux. The local time change, * h, the horizontal advection, AV, and the adiabatic change, AD, were computed with the analyzed thickness and wind fields. * was computed by the continuity equation with the boundary condition: * at 1000mb = 0. AH was evaluated from the residual. The equation (1) shows *h is composed with the three components. In the present analysis, however, AH is dependent on the other three terms. Therefore possible process of thickness change is specified with one of the following eight combinations. Some selected examples will be section through the center of ML3.
Here the tion and small adiabatic cooling contributed to the increase of thickness. Apparent heating of 3**4*/ 12-hr, however, was necessary in order to account for the actual increase in thickness. Considering the magnitude of each component the heating in the lowest layer mostly contributed to the genesis of ML3. It was previously mentioned that a pre-existing medium-scale cyclone was detected at 850mb, but the surface low-pressure associated with the upper disturbance was very weak and masked by the synoptic-scale pressure gradient. The upper part of Fig. 17 shows the heat budget 12-hour before the formation of ML3. Considerable warm air advection was located in the middle layer (700mb-850mb), but, in the bottom layer, no systematic upward motion and no heating were accompanied with the advection. The effect of warm air advection in the middle layer was mostly compensated with the adiabatic cooling in the top layer (500mb-700mb), and the amount of height fall at 1000mb was about a half of that for the next 12-hr period (lower cross-section in Fig. 17 ). amount of thickness change is converted into the change in virtual temperature. The broken line at the bottom is a profile of medium-scale 1000mb-height tendency along the section. The profile shows the pressure fall around long. 124*E, which suggested the formation of ML3. The thickness of the lowest layer (850-1000mb) on this region much increased. Warm air advec- (b) ML2 The upper part of Fig. 18 is the section along the latitude circle of 30*N, for the period from 00GMT to 12GMT 13 February. At this time the medium-scale depression was located in the middle layer over the Yangtze, and upward motion extended in a wide area, particularly in the top layer. Warm air advection centered in the middle layer, and apparent heating was small except the eastern border. On the contrary, in the cross-section along the latitude circle of 26*N, for the same period, (lower cross-section in Fig.  18 ), downward motions were located in the top layer, and the warm air advection in the bottom layer (850-1000mb) was more remarkable than in the northern region. Furthermore apparent heating was about three times as large as the one on the lower Yangtze. These processes in the bottom layer were responsible for the formation of the Taiwan low.
The cross-section in Fig. 19 shows the heat budget in the central part of the developing cyclone. A deep zone of warm air advection accompanied with upward motion and a deep apparent heat source were characteristic features compared with the situation in the previous stage. 9. Discussion
In the cross-sections shown in Section 7, the domain of warm air advection extended through a wide area, while adiabatic and diabatic processes changed with medium-scale spacing. This medium-scale spatial variation has a close relation to the spatial variation in thickness tendency and consequently to the medium-scale variation in pressure field. The large-scale baroclinic process and the energy transfer due to small-scale motion are not uniform in a system. The active parts of the processes have a tendency to concentrate in medium-scale regions inside a system. This local variation brings about variations of weather and the subsynoptic-scale variations in pressure field. For instance existence of two fronts in a cyclone is a typical example. In general a frontal zone exists a priori, and some times intensification of the front or new frontgenesis is resulted through cyclone development. Even in a front, spatial variation of the activity is recognizable.
From the heat budget analysis it is concluded that the following three simultaneous dynamical processes are basic factors for the formation of sea-level depression: (1) warm air advection, (2) upward air motion and small adiabatic cooling, and (3) apparent heating in the lowest layer. The warm air advection is connected with the southerly flows and with the existence of large-scale frontal zone. The upward motion is related to convergence at low levels, and the convergence has a connection with the frontal circulation. The upward motion, or convergence causes increase of the positive vorticity. The small adiabatic cooling is possible in the region of low static stability. The detailed mechanism of apparent heating is unknown, but it is essential, closely connecting with the low-level convergence, for warming in the lower layer. The apparent heating looks like a heating function in the CISK method of parameterization. The results of budget suggested the convective activity, three-dimensional local circulation and radiation of cloud, all of which are included into the apparent heat source or sink, have considerable effects on a formation of medium-scale disturbance. What is important is the concentration of warming into an area of particular horizontal size. For instance, in the lower cross-section in Fig. 17 , the resultant of positive contributions of the three processes mentioned above made up the concentration of increasing of thickness around 124*E.
The present paper discussed a relationship between the spatial variation in thickness-field and the formation of sea-level low-pressure area. Since height of isobaric surface is adopted as a parameter representing disturbance and basic field, the formation of pressure system such as depression is most appropriately described as the time changes in geostrophic vorticity and thermal vorticity fields. As well known, the time tendency of geostrophic vorticity at sea-level is related to the vorticity advection at non-divergence level Journal of the Meteorological Society of Japan Vol. 55, No. 3 and the tendency of thermal vorticity between the non-divergence and sea levels. Therefore decrease of thermal vorticity is a favorable condition for the formation of sea-level depression. The case study in Section 8 presented an analysis of the thickness tendency which made the favorable condition.
